Regulation of norepinephrine secretion in permeabilized PC12 cells by Ca2(+)-stimulated phosphorylation. Effects of protein phosphatases and phosphatase inhibitors.
Protein phosphatases and phosphatase inhibitors were used to examine the role of protein phosphorylation in the regulation of norepinephrine secretion in digitonin-permeabilized PC12 cells. The addition of an exogenous type 2A protein phosphatase caused as much as a 70% decrease in Ca2(+)-dependent norepinephrine secretion. In the presence of okadaic acid, a potent inhibitor of type 2A protein phosphatases, phosphatase 2A had no effect on secretion. The addition of exogenous calcineurin, a Ca2(+)-calmodulin-stimulated phosphatase, also caused decrease in Ca2(+)-dependent secretion, but on a molar basis it was less effective than phosphatase 2A. Two phosphatase inhibitors, 1-naphthylphosphate and sodium pyrophosphate, caused 75-100% increases in the amount of norepinephrine secreted in the absence of Ca2+ without affecting the amount of norepinephrine secreted in the presence of Ca2+. This stimulation of Ca2(+)-independent secretion by 1-naphthylphosphate and pyrophosphate suggests that there is a slow rate of Ca2(+)-independent phosphorylation and that phosphorylation triggers secretion. Unlike the results obtained in the presence of ATP, secretion in the presence of adenosine-5'-O-(3-thiotriphosphate), ATP gamma S, was not affected by the addition of type 2A protein phosphatase or by the addition of phosphatase inhibitors. These results are consistent with secretion in these permeabilized cells being regulated by a Ca2(+)-stimulated phosphorylation.